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viruses as expression vectors 

es W Carroll* and Bernard Mosst 



poxviruses aro widely used for tho cytoplasmic oxprossion of 
recombinant genes in mammalian colls. Rocont improvomonts 
allow high oxprossion and simplify tho integration of mulliplo 
foroign gonos. Vaccinia virus mutants end other poxvirusos 
that undorgo abortive infoction 4p mammalian colls oro 
rocoiving spocial attention bocauso of thoir diminished 
cytopathic effocts and increased safoty. Now roplicating and 
'non-roplicating' voctore, encoding tho bactoriophego T7 RNA 
polymorase for transcription of recombinant genes, hove been 
engineorod. 
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Abbreviations 

P-gal (1-golaclosidaso 

gpt xanthine-guanino phosphoribosyltransforaae 

gus p*glucuronidaso A gono 

MVA modified vaccinia virus Ankara 

rW rocombinanl W 

W vaccinia virus 



Introduction 

Tic purpose of this review is to highlight recent progress 
•r^Jic construction and use of poxvirus vectors; earlier 
stWics arc described and referenced elsewhere [i # -3*]. 
Recombinant gene expression by vaccinia virus <W), the 
prototypic member of the orthopoxvirus genus of the 
Poxviridac family, was first demonstrated in 1982 [4,5], 
Special features of the W vector system include a capacity 
to stably integrate over 25,000 base pairs of foreign 
DNA into the viral genome without loss of infectivity, a 
cytoplasmic site of gene expression, and a wide vertebrate 
host range. Other poxviruses, including members of the 
avipoxvirus genus, however, have greater host specificity. 
The versatility, for both transient and stable expression, 
was extended by the incorporation of bacteriophage 
transcriptional systems into the vaccinia virus genome. 
Poxvirus expression systems have been used for analysis of 
protein structure/function relationships, protein processing 
and intracellular trafficking, antigen presentation, the 
determinants of cellular and humoral immunity, and as live 
recombinant vaccines. 



Construction of recombinant vaccinia virus by 
homologous recombination 
The original and still most widely used method of 
producing recombinant . W (rW) is by homologous 
recombination. Cells arc transfected with a transfer plas- 
mid, which contains the recombinant gene under control 
of a W promoter flanked by several hundred base pairs of 
W derived DNA, and infected with W. Recombination 
occurs between homologous sequences in the plasmid 
nnd viral genome. A variety of methods arc available for 
the isolation of rW including selection based on bromo 
dcoxyuridinc or antibiotic-resistance, detection of a re- 
porter gene expressing a colour marker, complementation 
of a hose range or small plaque phenotype, and direct 
antibody staining of plaques or DNA hybridization |6|. 
The £. coli P-glucuronidasc A gene {&u$) % provides an 
alternative to P-galactosidasc (p-gal) as a colour marker 
[7,8|. gus is a relatively small gene and fortuitously 
lacks commonly used restriction sites, thereby simplifying 
vector constructions. Furthermore, as the substrates for 
gus and p-gal arc not cross-reactive, both reporter genes 
can be used for making rW with multiple inserts. 
A ^w-nco cassette provides both colour detection and 
antibiotic-resistance (TShors, D Moss, unpublished data). 
A convenient £. coli xanthine-guanine phosphoribosyl- 
transfcrasc (g/>t)-gus fusion protein has been described 
for similar use |9). The reporter gene encoding green 
fluorescent protein has been incorporated into W [10], 
A particularly efficient selection method, based on the 
repair of the non-plaquc-forming phenotype of a mutant 
VV, neither interrupts a vaccinia virus gene nor inserts a 
reporter or antibiotic selection marker (II). 

The stable integration of a selectable marker precludes 
its use for selection of a second gene; in addition, 
extra genetic material may not be desirable in a rW 
that is to be used for clinical trials. Schemes in which 
antibiotic-resistance or colour marker genes arc integrated 
and then spontaneously deleted by recombination have 
been developed [12-14]. A modified procedure uses 
both gpt and P-gal for transient selection (F Schciflingcr, 
F Dorncr, FG Falkncr, personal communication). An 
alternative protocol, in which a separate non-integrating 
plasmid containing gpt is cotransfcctcd with the transfer 
plasmid provides a several-fold enrichment of rW by 
antibiotic selection [15). 

Construction of rW by In vitro ligation 
The in vitro ligation of a foreign gene into the W genome 
provides an alternative to homologous recombination [!•). 
Since W DNA is not infectious, the cells arc transfected 
with rW DNA and infected with a host-restricted helper 



Expression systems 
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Poxvirus promoters 
Viral promoters arc rcniiirr,! r 

C-es because poxvirus ( ^ "P^n of foreign 
««vc their own cranscriptiona ? «w en t Cyt0p,:,S " , and 
"bour 30 base pa(rs "d * 1 '' C promotc " «« 
(early, intermediate anS^ ° • thrcc varieties 
Promoters arc expressed bir" -T* ! " cn ^»- Early 
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inhibition of host protein synthf,^ OOpV 
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Replication-deficient vacrinu . • 

systems 1 vaccinia virus expression 

W is infectious and therefore „r 
with a microbial safety cabinet,, . • t! " nmCnt faci,i 'y 
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Bacteriophage/vaccinia vir„c u . 
expression systems hybrld 
The hybrid system is b- 1Sf -H 
bacteriophage RNA polym cf ! lr ° n t,,c . ''»c e r;, tlot1 of 
° f for the spedHc ex; 0 C n e o C ;; e ' nto ( ?« 6 cnom 
Trans,cnt and stable form, of ? fccomb inant gene, 
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Other poxviruses as vectors 
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filycosylasc gene was construe! " Cd Uracil DN * 
coll line f2 ,..,. Th [ ™* u « cd u «ng a complementing 

^Plication, so tlut prolonged ca dy , L r e qiJ,rCd f ° f ° NA 
•n non-pcrmissivc cells Tim ■ - ? cnc .exprcss.on occurs 

» an expression ve to, ^SntoH 7 ^ ^ bc u "^' 
DNA, with psoralen Z ^ 't ""f ^S of W 
'"Activity while allowing cxlt'^'f" KduCCS vi "' 
E=ne regulated by a IZl C T ° f a rcc< >mbinant 
appropriate conditions 1 us fl/'T (22) - Und « 
' Vlrus -'nduced cytotoxicity and 
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